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Abstract
We investigated the properties of dark soils, namely Luvic Phaeozems in the Lower Rhine Basin
(NW-Germany). We discovered clusters of hundreds of regularly shaped pits that were always
connected to the Bht horizons of adjacent Luvic Phaeozems. The occurrence of anthropogenic pits in
connection with Phaeozems was never reported before, and we called them Phaeozem pits. We
conducted archaeobotanical (charcoal analysis) and geochemical (black carbon, carbon, nitrogen and
phosphorus concentrations) investigations. We compared soil material from Phaeozem pits with clearly
anthropogenic pits: (i) settlement pits, and (ii) slot pits, that can be found outside of prehistoric
settlements and do not contain any visible artefacts, but are defined as anthropogenic by their shape. The
main results of our study were: (1) Phaeozem Bht horizons and pits are man-made and archaeological
off-site features. (2) Soil properties of the Phaeozem horizons could have been affected by inputs of soil
amendments, perhaps to fertilize agricultural fields or gardens. (3) The high proportion of charred
organic matter in the dark soil material of Phaeozem horizons and pit fillings results from vegetation
fires ignited by man. (4) They were presumably formed in several periods between Mesolithic and the
Middle Ages, mainly during Younger to End-Neolithic (4400-2200 BC). We concluded that the
Phaeozem horizons could have been formed by agricultural burning, like slash-and-burn, during several
(pre)historic epochs. 
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Abstract
We investigated the properties of dark soils, namely Luvic Phaeozems in the Lower Rhine Basin (NW-Germany). We discovered clus-
ters of hundreds of regularly shaped pits that were always connected to the Bht horizons of adjacent Luvic Phaeozems. The occurrence 
of anthropogenic pits in connection with Phaeozems was never reported before, and we called them Phaeozem pits. We conducted 
archaeobotanical (charcoal analysis) and geochemical (black carbon, carbon, nitrogen and phosphorus concentrations) investigations. 
We compared soil material from Phaeozem pits with clearly anthropogenic pits: (i) settlement pits, and (ii) slot pits, that can be found 
outside of prehistoric settlements and do not contain any visible artefacts, but are defined as anthropogenic by their shape. The main 
results of our study were: (1) Phaeozem Bht horizons and pits are man-made and archaeological off-site features. (2) Soil properties of 
the Phaeozem horizons could have been affected by inputs of soil amendments, perhaps to fertilize agricultural fields or gardens. (3) 
The high proportion of charred organic matter in the dark soil material of Phaeozem horizons and pit fillings results from vegetation 
fires ignited by man. (4) They were presumably formed in several periods between Mesolithic and the Middle Ages, mainly during 
Younger to End-Neolithic (4400-2200 BC). We concluded that the Phaeozem horizons could have been formed by agricultural burning, 
like slash-and-burn, during several (pre)historic epochs. 
Introduction
Vegetation fire converts living or dead biomass into charred 
organic matter, or charcoal. Charcoal particles can be found 
in soils on a global scale and are commonly used to recon-
struct Holocene fire history (Figueiral and Mosbrugger 
2000; Carcaillet et al. 2002; Carcaillet 1998; Clark and 
Royall 1996; Patterson et al. 1987).
A constituent of charred organic matter is black carbon. The 
term black carbon describes a continuum of charred mate-
rial (Goldberg 1985; Hedges et al. 2000). It is resistant to 
decomposition due to its condensed aromatic structures, al-
though recent studies show that it is susceptible to microbial 
degradation (Hamer et al. 2004). Black carbon contributes 
to the stable carbon pools in soils and sediments (Dickens 
et al. 2004; Schmidt 2004; Skjemstad et al. 1996) and it 
can be used as a geochemical marker for palaeofire events 
(Bird and Cali 1998).
In black soils, charred organic matter produced by vegetation 
fires seemed to supply high organic carbon contents and the 
dark soil colour. In German Chernozems, which are defined 
by their very dark brown to black topsoil horizon, black car-
bon had a proportion of up to 45 % of soil organic matter. 
As black carbon was found only in black soils, it should 
be considered being the main colouring agent in these soils 
(Schmidt et al. 2002). Recent work has shown that the con-
tent of aromatic carbon – a carbon species which dominates 
the black carbon structure - correlated significantly with soil 
lightness (Spielvogel et al. 2004).
Anthropogenic fire management could form black soils. 
In Australia, black soils formed in areas regularly burnt 
by aborigines, whereas adjacent,  forested areas had grey 
soils (Skjemstad et al. 1996). In Central Amazonia, fertile 
black soils (Terra Preta do indio) occurred as small islands 
(up to 20 ha) surrounded by infertile soils. The organic car-
bon of these Terra Preta soils consisted of approximately 
20 % black carbon from biomass burning, suggesting that 
they had been formed as a result of fire-based agriculture 
(Glaser et al. 2001).
In this study, we investigate the properties of dark soils, 
namely Luvic Phaeozems in the Lower Rhine Basin (NW-
Germany). Phaeozems have characteristic dark brown 
(Bht) soil horizons that were formed by clay and humus 
accumulation. Humus was inherited and translocated from 
the humic material of their precursors Chernozems. The 
latter were assumed to have covered the entire loess land-
scape of the Lower Rhine Basin in Early Holocene (Kopp 
1965; Schalich 1988). Chernozems are soils which should 
form under continental climate and steppe vegetation, as it 
was postulated for Sub-Boreal. After the climate changed 
to warmer and more humic conditions, Chernozems de-
graded to Phaeozems (Schalich 1988; Driessen et al. 
2001).
We examined Luvic Phaeozems along a 33 km long and 
2.0-2.5 m deep gas pipeline trench and at 16 archaeological 
excavations in the Lower Rhine Basin, west of Cologne. 
Along this transect we discovered clusters of hundreds of 
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regularly shaped pits. These pits were always connected 
to the Bht horizons of adjacent Luvic Phaeozems. The oc-
currence of pits in connection with Phaeozems was never 
reported before, and we called them Phaeozem pits. We 
hypothese, that the Luvic Phaeozems in the Lower Rhine 
Basin could have been formed by vegetation burning. The 
Phaeozem pits are anthropogenic features, as explained 
below, although no further visible anthropogenic traces as 
artefacts or settlement residues were found in the pits or in 
the surroundings (Gerlach et al. in press).
To uncover the function and history of the dark Phae-
ozem horizons and the pits in the Lower Rhine Basin, we 
conducted archaeobotanical (charcoal analysis) and geo-
chemical (black carbon, carbon, nitrogen and phosphorus 
concentrations) investigations. We compared soil material 
from Phaeozem pits with clearly anthropogenic pits: (i) 
settlement pits, i.e. pits in prehistoric settlement areas that 
contain artefacts or settlement waste (on-site features) and 
(ii) slot pits, that can be found outside of prehistoric set-
tlements and do not contain any visible artefacts, but are 
defined as anthropogenic by their shape (off-site features). 
Additionally, we compared the soil properties of pit fill-
ings to the connecting horizons and surrounding and pre-
sumably naturally formed soils.
Material and Methods
Study area and examined types of pits 
We followed pipeline excavations (Wingas AG Kassel) in 
the Southern Lower Rhine Basin, west of Cologne. The 
trench was 2.0-2.5 m deep and 33 km long, ending at 
the coordinates 6°45’39”E / 51°0’18”N and 6°58’35”E / 
50°50’35”N (indicated in Fig. 1 as A and C). The entire 
length of the gas pipeline trench was surveyed and 500 pits 
were discovered and  documented and morphologically 
classified (Fig. 2). The trench crossed the loess-covered 
higher and middle terraces, the loamy and sandy lower ter-
race and the Holocene sandy floodplain of the river Rhine. 
Additionally, we included observations from 16 archaeo-
logical large-scale (0.5 to 5 ha) excavations within the re-
gion.
We investigated three different types of pits: (i) 39 Phae-
ozem pits, (ii) nine settlement pits and (iii) nine slot pits. 
The Phaeozem pits were always connected to dark brown 
humic soil horizons, classified as humus and clay accumu-
lation horizons (Bht horizons) of Luvic Phaeozems. The 
horizons were distributed as patches (diameter up to 100 
m) in surrounding reddish light brown Luvisol horizons 
(Fig. 3 and 4). The Phaeozem pits never contained visible 
artefacts, as bones or potsherds, and their appearance was 
never connected to known prehistoric settlements. How-
ever, the spatial distribution of horizons and pits was in-
dependent of natural factors, e.g. relief or parent material, 
and the pits investigated on the Holocene sandy floodplain 
of the river Rhine were filled with material clearly differ-
ent from the surrounding soils. The pits could be classi-
E. Eckmeier, R. Gerlach, U. Tegtmeier, M.W.I. Schmidt
Fig.1. The large map shows the study area, including the main-
geomorphologic units, the pipeline trench (ends indicated with A 
and C) and locations of soil sampling, as well as additional sam-
pling plots at archaeological excavations. The inset map shows 
the distribution of loess in Central Europe and the Lower Rhine 
Basin (rectangle), including the study area indicated in the large 
map (black square).
Fig. 2. The five observed types of Phaeozem pits and their pro-
portions of all 500 observed pits, excluding poorly defined fea-
tures such as ditches representing 12% of all observed features. 
(1) Deep V-shaped pits (maximum depth 1.4 m, diameter 0.8-1.0 
m). (2) U-shaped pits (maximum depth 1.0 m, diameter ≤1.6 m). 
(3) Pits with irregular hollows in the base (diameter ≤ 2.8 m). 
(4) Shallow hollows, potentially heavily eroded type 2 pits. (5) 
Shallow pits with one hollow in the base (maximum depth 1.5 m, 
diameter ≤ 2.8 m).
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fied into five morphological units (Fig. 2) according to 
their regular shapes. We concluded that the Phaeozem 
pits were man-made and archaeological off-site features 
of still unknown purpose (Baumewerd-Schmidt et al. 
2000; Baumewerd-Schmidt et al. 2001; Eckmeier 
2002; Gerlach et al. in press). The pit shapes and the pit 
fillings differ from pits formed by up-rooting, as falling 
trees typically tilt adjacent soil horizons in upright posi-
tions (Langohr 1993).
The settlement pits occurred in clearly defined and ar-
chaeologically dated prehistoric  settlement areas (on-
site features). They contained artefacts, mainly settle-
ment waste as sherds or bones.
Not much is known about the function of the slot pits. 
They were called “Schlitzgruben” (slot  pits) or “Schlitz-
gräbchen” (slot trenches) in the German literature due to 
their slot-like appearence, up to 5 m deep, 2 m long and 
narrow (0.2-1 m). They often occur in groups (Struck 
1984) near Neolithic settlements (e.g. Langweiler 8, 
NW-Germany; Boelicke 1988), but do not contain vis-
ible artefacts. Buttler and Haberey (1936) and Van de 
Velde (1973) assumed that they were used for tanning 
of leather; others interpreted them as animal pitfalls (W. 
Schier, University of Würzburg, personal communica-
tion) or as weaving pits (Gronenborn 1989). We chose 
these pits because they are clearly anthropogenic and 
their filling optically resembles the dark soil material in 
the Phaeozem pits. The slot pits we investigated in the 
Lower Rhine Basin were also connected to dark brown 
patchy soil horizons. 
Soil sample collection and analysis
A total of 96 bulk soil samples (2 kg each) were taken 
from soil profiles in the trench and at the excavation sites: 
(i) from the Phaeozem pits (43 samples), Phaeozem ho-
rizons (seven samples) and surrounding Luvisols (nine 
samples), (ii) from the settlement pits (15 samples) and 
settlement soils (five samples), and (iii) from slot pits 
(12 samples) and surrounding Luvisol horizons (five 
samples). After drying at 40 °C the soil aggregates were 
crushed and coarse material (> 2 mm) was removed by 
dry sieving. Sub-samples were ball-milled for carbon and 
nitrogen analysis.
Total carbon and nitrogen were determined for all soil 
samples in duplicates by dry combustion with an elemen-
tal analyzer (Elementar Vario EL). The values for total 
organic carbon corresponded to the total carbon content 
because the soil samples did not contain bicarbonaceous 
material.
Phosphorus analysis in soils is used as a marker for hu-
man activity. It accumulates in soils as a result of de-
composition of organic material and its chemical immo-
bility (Eidt 1977; Arrhenius 1931). We mesured total, 
inorganic and organic phosphorus concentrations of soil 
samples in duplicates. Total phosphorus (Pt) was deter-
mined photometrically after extraction with sulphuric 
acid (H2SO4) of soils ignited in a muffle furnace. Concen-
trations of inorganic phosphorus (Pi) were obtained from 
unignited soil. Organic phosphorus (Po) was calculated 
by substraction of values for inorganic phosphorus from 
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values for total phosphorus (Klute 1986).
Macrocharcoal pieces (> 1 mm) were manually selected 
from the bulk soil samples for radiocarbon dating and 
identification of wood species. 
Black carbon was measured at CSIRO laboratories, Ad-
elaide, Australia in 14 samples taken from Phaeozem 
pits (nine samples), settlement pits (three samples) and 
slot pits (two samples). Analytical details are reported 
in Schmidt et al. (1999) and Skjemstad et al. (1997). 
Briefly, charred organic carbon was analysed by 13C nu-
clear magnetic resonance (NMR) after removal of less 
stable soil organic matter by high-energy UV photo-
oxidation.
We dated nine charcoal samples and three black carbon 
samples taken from deeper parts of the Phaeozem hori-
zons and pits to estimate the approximate age of the soil 
material. Radiocarbon dating of a single charcoal parti-
cle may date an individual fire event, whereas mixtures, 
such as mechanically separated charcoal or black car-
bon may yield mean, apparent ages. The material was 
washed with deionised water and subsequently dated by 
accelerator mass spectrometry (Universities of Kiel and 
Utrecht). The 14C ages were calibrated using the pro-
gram OxCal v3.5.
Results
Phosphorus
The pit fillings contained more Pt than the soil sur-
rounding the pits. The settlement pits had the highest 
concentrations (mean: 649 mg Pt kg-1), followed by the 
slot pits (mean: 643 mg Pt kg-1) and the Phaeozem pits 
(mean: 416 mg Pt kg-1).
As Fig. 5 indicates, the amount of organically bound 
phosphorus (Po) is distributed differently. Here, the set-
tlement soils contained most Po (mean: 169 mg Po kg-1), 
followed by the slot pits  (mean: 127 mg Po kg-1) and 
settlement pits (mean: 119 mg Po kg-1). The differences 
between pit fillings and surrounding soils were not as 
clear as for Pt. The proportion of Po to Pt was lowest in 
the settlement pits (18 %), and highest in the settlement 
horizon (53 %). The settlement pit that was connected 
to the investigated settlement horizon had lower pro-
portions of Po (33 %) in the upper part of the pit than 
the horizon, and only 13% of Pt in the lower part of the 
same pit was Po. The proportions decline because the 
amount of Pt was much higher in the pit filling (1050 
mg kg-1) in the lower part, than in the settlement hori-
zon (361 mg kg-1), while the amount of Po was nearly 
constant.
Phaeozem horizons contained a higher proportion of Po 
(32 %) than pit fillings and surrounding soils (both 26 
%). The slot pit fillings and the surrounding material 
have similar concentrations of Po and Pt.
E. Eckmeier, R. Gerlach, U. Tegtmeier, M.W.I. Schmidt
Fig. 3. Typical cross section (approximately 37 m long), as produced by the approx. 2.50 m deep pipeline trench cutting through the 
loess-covered landscape. The slope dips from left to right, with the thickness of the colluvial cover (M) increasing accordingly. The elu-
viated horizon (Al) was eroded and not present in this cross section. The Phaeozem horizon (Bht) with humus accumulation and pits is 
shown in black, followed by the argic horizon (Bt), and loess as parent material (Cv). The first pit showes tubular traces of eluviation.
Fig. 4. Soil formation as it might have occurred in the Lower 
Rhine Basin (schematic). Soil formation processes typically 
transport clay and humus from the topsoil (former Axh horizon 
and pit fillings) into the recent Bht horizons, which inherit the 
black colour following the former pit structures. Often a colluvial 
cover (M horizon) protects the Bht horizons against erosion.
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Charred organic matter and phosphorus in black soils
Fig. 5. Average means of concentrations of inorganic (Pi) and organic (Po) phosphorus (in mg kg-1) and proportion of Po of total phos-
phorus (%) in Phaeozem pits, connected horizons and in surrounding soils; in slot pits, connected horizons and surrounding soils; in 
settlement pits and in one settlement horizon.
Fig. 6. Concentrations of total organic carbon (Corg, in g kg-1) for pairs of Phaeozem pits or slot pits and surrounding soils, compared 
to the average means of all examined Phaeozem pits, settlement pits and slot pits.
98
Nitrogen, organic carbon and C/N ratio
The Phaeozem pit fillings had smaller concentrations of 
nitrogen (mean: 0.51 g Nt kg-1) than the settlement pits 
(mean: 0.60 g N kg-1). The values for the slot pits were 
lowest (mean: 0.31 g N kg-1). The concentrations of 
total organic carbon (Corg) were higher in the pit fill-
ings than in the surrounding soils, as shown in Fig. 6 
and Table 1. The Phaeozem pits contained less Corg 
(mean: 3.53 g kg-1) than the materials found in slot pits 
(mean: 4.03 g kg-1) and in settlement pits (mean: 7.36 
g kg-1).
Resulting C/N ratios were small for Phaeozem pits 
(mean: 7), due to the relatively high nitrogen concen-
trations, although the Phaeozem horizons and pit fill-
ings were supposed to be relics of humic horizons. Hu-
mic horizons (such as Bht) of Phaeozems usually have 
C/N ratios of 10-15 (Gunreben 1992).
Charcoal and black carbon
Charcoal pieces were distributed homogeneously in the soil 
material. We found 128 identifiable charcoals (> 1 mm) in 
13 pits, 54 pieces in seven Phaeozem pits, 14 pieces in one 
slot pit and 60 pieces in five settlement pits (see Table 2). 
As the amount and the masses of charcoal per soil sample 
were too small, we could not calculate the concentration 
of charcoal in the soil. Following wood species could be 
identified: Pomoideae (pomaceous fruit trees), Quercus 
(oak), Fraxinus (ash), Ulmus (elm), Corylus (hazel), Pru-
nus (stone fruit trees) and not further indentifiable decidu-
ous wood species. 
Black carbon was found in all examined samples, with 
proportions between 19 to 57 % of total organic carbon. 
The highest yields were measured in the settlement pits 
(mean: 49 %), followed by the slot pits (mean: 36 %) and 
the Phaeozem pits (mean: 32 %). The concentration of 
black carbon correlated highly with Corg (r2 = 0.91), as 
indicated in Fig. 7. Table 3 lists the concentrations of all 
analysed black carbon samples.
AMS 14C ages
Nine charcoal pieces picked manually, and three chemical-
ly separated black carbon fractions were measured. Those 
twelve results span a long time period from the Mesolithic 
(9500-5500 BC), Early Neolithic (Linear Pottery Culture; 
5500-5000 BC), Younger to End-Neolithic (4400-2200 
BC), Bronze Age (2200-750 BC) to the Middle Ages (500-
1500 AD). The results of AMS 14C measurements were 
transformed into calibrated ages (OxCal v3.5) and ex-
pressed as years BC or AD. Details are given in Table 4. 
Discussion
Variations of human activity reflected in different pit 
types
To examine human activity we measured the amount of 
phosphorus accumulated in the different soils. The Pt dis-
tribution showed an addition of organic material in the in-
vestigated Phaeozem and settlement pits, and it could be 
an indicator for phosphorus coming from bone material, as 
it could be bound to calcium.
Geochemical investigations of Neolithic settlement pit fill-
ings showed that they consist of a mixture of mineral soil 
matrix and organic material, i.e. settlement waste. Main 
characteristics of prehistoric settlement pit fillings are 
higher concentrations of nitrogen and phosphate, larger 
C/N ratios and different humus composition (Baumann et 
al. 1964). Further evidence that pit fillings within prehis-
toric settlements were not similar to natural soils was pro-
vided by geochemical analyses of pit fillings in a Middle 
to Late Neolithic settlement near Munich (Münchshöfen 
culture, 4600-4200 BC) (Schmid et al. 2001). The black 
settlement pit fillings differed from A horizons of Phae-
ozems, when polysaccharide and lignin were analyzed 
by CPMAS 13C NMR spectroscopy, and charred material 
formed 23-70 % of the organic carbon in the pit fillings 
(Schmid et al. 2002).
The main source for Po is plant biomass and manure or 
fecal material. We expected the highest proportions in the 
settlement pits, as they could be used as deposits for kitch-
en residues. Surprisingly, the proportion of Po was low in 
the settlement pits, but highest in the settlement horizon 
(53 %).
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Fig. 7. Concentrations and correlations of total organic carbon 
(Corg) and black carbon in g kg-1in all examined samples.
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The higher Pt values for the Phaeozem samples could in-
dicate a higher content of organic soil amendment in gen-
eral. Nevertheless, the higher value for Phaeozem horizons 
(32 %) pointed to a higher input of Po limited to the area 
of dark horizons, e.g. by fertilizing with livestock manure 
or kitchen residues. When looking at single sample pairs, 
the picture became more heterogeneously. Although the 
amount of Pt in Phaeozem horizons and pits was in the 
same range, the values for Po were distributed differently. 
The slot pits and surrounding horizons did not show any 
differences. The Pt and Po values for the slot pits were 
similar to the settlement pits, which could mean that the 
soil material has comparable characteristics. On the other 
hand, the Corg and N concentrations of soil material in slot 
pits were much lower, in the range of Phaeozem pits. All 
examined pit types showed human influence by accumula-
tion of organic material in contrast to the surrounding soil, 
although the composition of the material filled into the pits 
seemed to be different.
Prehistoric fire management as source of charred or-
ganic matter 
All examined pit fillings and connecting horizons con-
tained black carbon and black carbon concentrations cor-
related highly with Corg. About one-third of the organic 
carbon consisted of charred material. Macroscopic char-
coal particles were also present in all pit types, most was 
found in settlement pits.  Settlement pits were usually 
filled with mixtures from soil material and organic waste 
or residues of hearth fires, which contributed to the high 
Corg and black carbon  values.
The spatial distribution of the Phaeozem pits indicated that 
they were not connected to any known settlement activi-
ties. However, the charred material accumulated in these 
pits must derive from vegetation burnings. The Holocene 
temperate deciduous forests cannot be easily ignited by 
natural causes (Tinner et al. 1999). Under natural condi-
tions a particular area may therefore burn on average about 
once every 1400-1500 years (W. Tinner, pers. com.). Es-
timates for mixed deciduous forest in Southern Switzer-
land suggest a mean fire interval of 1800 years (Berli et al. 
1994), and for similar forest types in Eastern North-Amer-
ica of more than 1000 years (Aber and Melillo 1991). 
Nevertheless, the distinction of natural and human-caused 
fires in the archaeobotanical records is still under discus-
sion (Brown 1997; Moore 2000), and several parameters, 
as charcoal influx, fungi and plant succession should be 
considered (e.g. Erny-Rodmann et al. 1997).
Burning practices for different landscape management 
purposes seemed to be commonly used in the Holocene. 
Mesolithic hunters in Central Europe may have used fire as 
a management tool (Mason 2000; Erny-Rodmann et al. 
1997; Zvelebil 1994). The three charcoal and black carbon 
ages dating to the Mesolithic originate from Phaeozem pits 
Charred organic matter and phosphorus in black soils
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in the swamp area between the middle and the lower ter-
races of the river Rhine, which is consistent with the fact 
that this is a typical environment of Mesolithic hunters and 
gatherers (Gerlach et al. in press).
There is no evidence for burning during the Early Neolith-
ic (Lüning 2000). Nevertheless, one charcoal dated to the 
period of the Linear Pottery Culture (5500-5000 BC). Four 
samples from twelve dated to the Younger to End-Neolithic. 
In this epoch burning was presumably established as part 
of agricultural processes both in Southern and Northern 
Germany. Evidence for extensive and long-term fire-based 
agriculture comes from the Lake Constance area (Rösch 
1993) and Northern Germany to Denmark, the “landnam” 
period (Kalis and Meurers-Balke 1998; Iversen 1941), 
where fire was used to help introducing agriculture on soils 
with low nutritional value.
Three obtained radiocarbon ages date to the Bronze Age, 
one to Early (2200-1900 BC), to Older (1900-1200 BC) 
and to Younger (1200-700 BC) Bronze Age, respectively. 
An example for Bronze Age fire management is the use 
of burning to clear forest and establish meadows for live-
stock pasture in the sub-alpine region of the Upper Enga-
din (Switzerland) since c.1950 BC (Gobet et al. 2003).
Macrocharcoal was rare in the investigated soil material, 
which may indicate that the black carbon did originate 
from charred herbaceous plants or grass, which easily fall 
into dust-sized pieces. Charred grass has much smaller 
C/N ratios (< 8) than charred wood (Knicker et al. 1996), 
and burning could form stable aromatic and hetrocyclic 
nitrogen containing structures (Almendros et al. 2003), 
which could be an explanation for the small C/N ratios ob-
served in the Phaeozem pits. Gehrt et al. (2002) calculated 
that an average annual input of 40 kg BC ha-1 for a period 
of 1000 years is needed to achieve a proportion of 20 % of 
the organic matter in a topsoil.
The charred organic matter we found in the Phaeozem ho-
rizons and pits was most likely formed in several epochs 
from Mesolithic to the Middle Ages, with an emphasis in 
Younger to End-Neolithic (4400-2200 BC). Black carbon 
was presumably produced by either fire management prac-
tices, as performed by Mesolithic hunter and gatherers, or 
by agricultural fires like slash-and-burn. Subsequently, it 
could have been stored in the humic topsoils of the pred-
ecessors of the present Phaeozems and could have acted as 
a colouring agent. Later, it possibly could have been trans-
located downwards, accumulated and could be preserved 
in the Bht horizons, as described in Fig. 4.
Conclusions 
The investigation of dark soil horizons and adjacent pits of 
Luvic Phaeozems in the Lower Rhine Basin and the com-
parison with man-made slot pits and pits in prehistoric set-
tlements led to the following main results: (1) Phaeozem 
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Bht horizons and pits are man-made and archaeological 
off-site features, as shown by their shape, spatial distribu-
tion and by the differences between the Phaeozem soil ma-
terial and the material surrounding these features. (2) Soil 
properties of the Phaeozem horizons could have been af-
fected by inputs of soil amendments, like livestock manure 
or kitchen residues, perhaps to fertilize agricultural fields 
or gardens. (3) The high proportion of charred organic mat-
ter in the dark soil material of Phaeozem horizons and pit 
fillings, as they were not situated in prehistoric settlement 
areas and temperate deciduous forests burn very rarely, re-
sults from vegetation burnings ignited by man. (4) They 
were presumably formed in several periods between Me-
solithic and the Middle Ages, mainly during Younger to 
End-Neolithic (4400-2200 BC), as indicated by the AMS 
14C ages (Gerlach et al. in press). 
We concluded that the Phaeozem horizons could have been 
formed by fire management practices during several ep-
ochs. Especially agricultural burning, like slash-and-burn, 
could have created the patchy dark soils, as their properties 
could also hint to organic fertilizing. We could not uncover 
the function of the Phaeozem pits so far, we speculate that 
the function was related to agricultural practices. Also the 
reason for the unusual morphology of the slot pits remains 
unknown, as the pit filling material showed influence of 
burning and human activity but did not reveal any charac-
terizing chemical or physical soil properties.
However, a number of open questions remain. The process 
of incorporation of black carbon in soils is still unknown, 
and therefore the processes that lead to the blackening of 
soils stay uncertain, too. Also scarce are numbers of con-
version ratios of biomass carbon to black carbon, ratios 
for temperate deciduous forests are not available at all. By 
investigating both archaeological excavations and experi-
mental burning in field trials as performed in Forchtenberg 
(SW-Germany; Rösch et al. 2002) the input and fate, as 
degradation, of charred organic carbon in soils after agri-
cultural burning shall be further examined.
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